Tightening emissions legislation for vehicles across the world has caused the use of monolith catalysts in automobile emission control to become ubiquitous.
Introduction
Tightening emissions legislation for vehicles across the world has caused the use of monolith catalysts in automobile emission control to become ubiquitous. Their impact has been considerable, with emission levels from exhaust systems of passenger cars falling by more than 90% since 1975, and with zero emissions now a future target.
Environmentally harmful carbon monoxide and oxides of nitrogen in the exhaust stream are converted inside the monolith catalyst into carbon dioxide and nitrogen (Acres and Harrison, 2004; Twigg, 2006) .
Monoliths are structures comprised of multiple parallel channels. One method of producing monolith catalysts is to coat the monolith surfaces with γ-alumina film containing active species (usually platinum group metals, PGMs, such as Pt, Pd and Rh). Monoliths are generally made from either metallic or ceramic materials, the former from thin metal sheet such as Fecralloy ® , the focus of this study, and the latter typically from cordierite (Avila et al., 2005) . Fecralloy ® is comprised essentially of iron, Fe, chromium, Cr, and aluminium, Al. It is well suited for catalyst support applications because of its high mechanical strength, thermal conductivity and ductility which make it easy to process. It clearly outperforms cordierite as a monolith material in all these crucial properties (Hickman and Schmidt, 1992b; Hickman and Schmidt, 1992a ).
To ensure adherence of the γ-alumina coatings, Fecralloy ® has to be pre-oxidised which changes its surface topography to provide a rough surface (Cybulski and Moulijn, 2006) .
Pre-oxidation also provides enrichment of the Fecralloy ® surface with aluminium, therefore prolonging the product component life (Nicholls and Quadakkers, 2002 ). 
Materials and Methods

Pre-treatment and assessment of Fecralloy
Coating of foils by an automatic film applicator
Assessment of coatings
The coating film loading on the Fecralloy ® surface was then calculated by the percentage mass increase of the coupon. To determine coating film adherence, the coated foils were soaked into petroleum ether contained inside a sealed beaker for 30 min, then soaked in an ultrasonic bath (300 W and 60 kHz ) for 1 h and later dried in an oven at 110 o C for 2 h (Valentini et al., 2001 ). The percentage mass loss was then calculated, meaning that the lower the mass loss the better the coating adherence.
Results and Discussion
Pre-oxidation profile
time ( ) and t is pre-oxidation time (h).
Constants X and Y were found to be 0.27 and 5.0 respectively.
Topography characterisation of Fecralloy ® coupons by LPI
The surface topography of the coupons, represented by the 2D and 3D roughness parameters and the topography profiles, are shown in Table 1 and Fig. 3 . The roughness parameters for the untreated coupon were very low because the surface has not been transformed. The roughness parameters increased significantly after 5 h preoxidation, then reached the peak at 10 h pre-oxidation and later declined upon prolonged pre-oxidation for 30 h (see Table 1 ). Clearly, the Fecralloy ® coupon preoxidised at 950 o C for 10 h had the roughest surface; this is supported by the textural profiles shown in Fig. 3 . Coating film adherence is promoted by rough surfaces which act as glues for coatings because of their irregularities. The profiles shown in Fig. 3 also exhibit order in their surface structure due to fabrication patterns, this is particularly evident in the sample shown in Fig. 3(c) which is characterised by deep penetrating grooves. Prolonged pre-oxidation however resulted into formation of α-alumina conglomerates as other alloy elements are spontaneously oxidised; this is characterized by diminishing peaks of α-alumina [ Fig. 4(d) ]. The Fecralloy ® surface enrichment by aluminium during
Assessment of Fecralloy
® surface microstructure by SEM exists trace amounts of α-alumina. However, the coupon pre-oxidised for 10 h was characterized by uniform, conspicuous and randomly oriented α-alumina whiskers. It is shown that at this condition the α-alumina are properly formed and arranged in a manner which positions them for good adhering capabilities (Avila et al., 2005) . The attendant effect of pre-oxidation for up to 30 h was the formation of non-uniform conglomerates of α-alumina.
Coating loading and adherence
The coating film loading and weight loss from adherence test are shown in Table 2 . The values were averaged over 5 measurements with a standard deviation (SD) within 3.5%.
Clearly, the duration of pre-oxidation has a major influence on the adherence of the coating film on the Fecralloy ® coupons. The results in Table 2 can be explained in the light of the Fecralloy ® surface characterization discussed above in sections 3.2 -3.4. For the untreated coupon, the coating loading and adherence were very poor because the foil surface was the least rough and no wettability occurred. The coupons pre-oxidised for 5 and 30 h showed improved capabilities which are commensurate with their roughness characteristics in section 3.2. The optimal coating loading and adherence were obtained from the coupon enhanced surface microstructure brought about by the randomly oriented α-alumina whiskers, thereby creating a suitable topography onto which coating film is firmly anchored. The images of the coatings after the adherence test are also given in Fig. 6 which revealed the weakened areas where coatings had been lost. 
Conclusions
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